Complex Lipid Biosynthesis: Phospholipid Synthesis modify the amount of lipids and/or the prokaryotic lipid/eukaryotic lipid balance in the plastid membranes. T h e study of the physiological consequences of these modifications would be of great interest, and particularly the analysis of plants devoid of the plastidial lyso-PC acyltransferase activity, since to our knowledge, plants without eukaryotic galactolipids have not been found in Nature, and no mutants have been obtained. 
Introduction
Acyl-CoA : lysophosphatidylcholine acyltransferase (LPCAT) activity was first described in rat liver microsomes [1] , where it plays a major role in remodelling phosphatidylcholine (PtdCho). T h e enzyme is particularly selective for arachidonoyl species of acyl-CoA in the liver [2] , and in the lung it plays a role in the formation of dipalmitoyl PtdCho surfactants [3] . In oilseeds it is important in regulating oil quality by controlling the flow of fatty acids through PtdCho where the production of polyunsaturated fatty acids occurs [4] . Here we describe protocols for the partial purification of L P C A T from the developing cotyledons of sunflower and photoaffinity labelling studies of the partially purified enzyme using 1 -azido-oleoyl-snlysophosphatidyl-[N-methyl-"Hlcholine (NJysoPtd[3H]Cho).
Materials and methods

Chemicals
Fine chemicals and solvents were purchased from Sigma and Fisher, respectively. Dipalmitoyl Ptd-[ N -r n e t h~l -~H l C h o (2.4 MBq/nmol) and [1-I4C]-oleoyl-CoA (2 kBq/nmol) were obtained from Amersham UK.
Plant material and microsomal preparation
Developing seeds of sunflower were harvested 14-16 days after flowering. Plant growth conditions and microsomal membrane preparations were as described in [ 5 ] .
Enzyme assays L P C A T activity was routinely measured using a continuous assay with 5,5'-dithiobis(2-nitroben-zoic acid) containing oleoyl-CoA and 1 -palmitoyl-sn-lysophosphatidylcholine (lysoPtdCho) at p H 7.0 [6] . T h e quantity of enzyme preparation assayed was adjusted to give rates of < 1.5 nmol.min-'. A discontinuous radioactive assay was also used. Enzyme preparations were incubated for 5 min with [l-'4C]oleoyl-CoA (20 nmol; 0.4 kBq/nmol) and l-palmitoyl-snlysoPtdCho (30 nmol) in 50 m M potassium phosphate buffer, pH 7.0, in a total volume of 1 ml at 25 "C. T h e quantity of enzyme preparation assayed was adjusted to give rates of < 0.6 nmol.
min-'. Reactions were terminated by addition to 4 vols of Bligh and Dyer extraction medium [7] . Chloroform phases were reduced to dryness under N,. T h e lipid residue was dissolved in a small volume of chloroform. Phospholipids were purified by T L C on precoated silica gel plates using chloroform/methanol/acetic acid/water (85 : 15 : 10: 3 v/v). Lipids, located by light iodine staining, were removed from the plates and assayed for radioactivity in PCS@ (Amersham)/xylene (2: 1, v/v) scintillant using a Packard Tricarb liquid scintillation counter.
Gel electrophoresis SDS/PAGE was carried out as described [8] using a Bio-Rad PROTEAN mini-gel system. Proteins were visualized using Coomassie Brilliant Blue staining. Gels containing labelled proteins were dried, cut into horizontal sections and radioactivity determined by liquid scintillation.
Protease treatment
Enzyme preparations were incubated with trypsin at a protein ratio of 2: 1 (protein: trypsin) for 1 h at 25 "C in 50 m M phosphate buffer, p H 7.7 (sunflower microsomes), or 0.1 M NaC1/50 m M Tris-/HCI, pH 8.0 (gel-filtration partially purified LPCAT) for 1 h. T h e resultant membranes were isolated by centrifugation at 20000g for 20 min. T h e pellet was washed, resuspended in fresh phosphate buffer, and the membranes recovered by further centrifugation.
Chromatography
Sunflower microsomes (10 mg of protein) in 5 ml of 7.25 M urea, 0.3 M NaCl and 50 m M diaminopropane/HCl buffer, pH 9.0, were sonicated three times for 30 s on ice using a DAWE Instruments Soniprobe at 45 W. T h e suspension was applied to a Pharmacia Sepharose CL4B gel-filtration column (1.6 cm diameter x 15 cm) equilibrated in the above solution. LPCAT activity eluted from 0 2000 Biochemical Society the column with the first A,,, peak on the void volume. T h e majority of microsomal protein eluted after the LPCAT activity. Pooled fractions containing the enzyme were buffer exchanged into 50 mM Tris/HCl, p H 8.0, containing 0.1 M NaC1, using a similar gel-filtration column equilibrated in Tris/NaCl buffer and collecting fractions that eluted with the first absorbance peak.
Protein determinations
T h e bicinchoninic acid protein assay (Pierce and Warriner) was used with BSA as a standard.
Synthesis of N,ly~oPtd[~H]Cho
Radioactive and non-labelled 1 -azido-oleoyl-snglycerol-3-phosphocholine were synthesized by methods outlined below and these were derived with modification from those reported previously [9, 10] . Procedures ii-iv were carried out in dim light. CaCl, and 0.2 ml of 1 mg/ml Rhizopus arrhizus lipase. T h e reaction mixture was incubated for 3 h at room temperature with constant shaking. After the addition of methanol (2 ml) phase separation was carried out twice against ether (4ml). T h e methanolic aqueous phase was then extracted in a modified Bligh and Dyer medium [7] and the ly~oPtd[~H]Cho was located in the chloroform phase.
(ii) Azido-oleoyl anhydride synthesis Azido-oleoyl anhydride was synthesized from azido-oleic acid as given in [9] .
in 0.4 ml of dried chloroform was added to 1500 nmol of azido-oleoyl anhydride, also in 0.4 ml of chloroform, and 300 nmol of 4-pyrrolidinopyridine was added. T h e reaction mixture was sealed under N, and incubated for 5 h at 37 "C. Bligh and Dyer extraction and T L C were then carried out as described above.
(iv) Phospholipase A, hydrolysis T h e 1 -azido-oleoyl-2-palmitoyl-sn-Ptd-[Nmethyl-3H]Cho, dissolved in 0.1 M Tris/HCl buffer, pH 7.5, containing 2 mM CaC1, and 25 units of phospholipase A, (Nuju nuju) in a volume of 0.5 ml, was incubated for 1 . 5 h at 37 "C, with constant shaking. The N,ly~oPtd[~H]Cho was extracted in a Bligh and Dyer medium as given above and recovered in the chloroform phase. T h e overall yield was approx. 40 "/A.
Photolysis
Photolysis was performed using a UV transilluminator (Ultra-Violet Products). LPCAT preparations (4 pg of microsomal protein) were resuspended in 25 pl of 0.1 M phosphate buffer, pH 7.7, containing N,lysoPtdCho and after 10min in the dark they were irradiated, at a distance of 10 cm on ice for 4 min, on the cap of a 1.5-ml microcentrifuge tube. T h e photoinactivation was stopped by addition of 10 mM dithiothreitol. and analysed by SDS/PAGE. Radioactivity was associated with both these polypeptides.
Results
Effect of NJysoPtdCho on microsomal LPCAT activity
Discussion
Gel filtration in urea of sunflower microsomal L P C A T followed by trypsin treatment resulted in some 100-fold increase in enzyme purity as judged by SDS/PAGE. T h e partially purified LPCAT contained two major polypeptides of apparent molecular mass 54 and 61 kDa. These polypeptides were labelled in photoaffinity studies with N,lysoPtd[:'H]Cho and hence were strong L P C A T candidates. T h e apparent molecular masses of these proteins differed slightly to the molecular mass of equivalent polypeptides observed in trypsin-treated microsomal membranes. This change in mobility on the gel may have been due to reaction with the cyanate present in urea [12] used for gel filtration. T h e photoreactive NJysoPtdCho acted as an efficient substrate for L P C A T in the dark. Exposure to UV light resulted in 50 photo-inhibition. T h e photo-inactivation of L P C A T activity was overcome by the addition of excess IysoPtdCho, the natural substrate of the enzyme, indicating site-specific binding of the photoreactive substrate. 
